Acute administration of the selective serotonin (5-HT) reuptake inhibitor (SSRI), citalopram (1-10 mg/kg, i.p
Twin, family, and adoption studies have indicated that affective disorders, either bipolar or unipolar, and anxiety disorders are substantially heritable (Kendler 1996; Merikangas and Swendsen 1997) . In keeping with: (i) the compelling and extensive evidence for central 5-hydroxytryptamine (5-HT, serotonin) playing a role in mood disorders; and (ii) the key role of the 5-HT transporter, which, by allowing high-affinity reuptake of 5-HT into serotonergic neurones, regulates 5-HT neurotransmission (Amara and Kuhar 1993) , the findings that allelic variations in (Collier et al. 1996a; Ogilvie et al. 1996) or nearby (i.e., promoter region) (Lesch et al. 1996; Collier et al. 1996b ) the 5-HT transporter gene may have weaken, but significant impacts on affective and anxiety disorders are unsurprising. Moreover, because polymorphism of disease-related genes may also be predictive of drug response ( Kleyn and Vesell 1998) , it is then not a surprise that the polymorphism within the promoter region of the 5-HT transporter gene leads to a genetic variability of the antidepressant response to the selective serotonin reuptake inhibitor (SSRI) fluvoxamine (Smeraldi et al. 1998) .
In rodents, however, no such polymorphisms of the 5-HT transporter gene have been detected; actually, the sole information available so far regarding genetic variability in the 5-HT transporter gene and its consequences on emotionality derives from mice bearing a targeted disruption of that gene ). Thus, 5-HT transporter knocked-out females have been reported to display high anxiety in various novel environments .
With regard to the aforementioned findings, this study examined whether rat strains differing with respect to some dimensions of their emotionality (specifically, anxiety and locomotor reactivity) displayed trait variability in: (i) the effectiveness of the 5-HT reuptake system; and/or (ii) the ability of citalopram, the most selective and amongst the most potent 5-HT reuptake inhibitor(s) (Hyttel 1982 (Hyttel , 1994 to block that system. To this end, we chose the SHRs, LEW, and WKY inbred strains since SHRs (which derive from WKY rats) (Okamoto and Aoki 1963) display low anxiety but high activity, whereas LEW rats are anxious and normoactive, and WKY rats are anxious and hypoactive (Gentsch et al. 1987; Paré 1989; Ramos et al. 1997) . Although SHRs have been selected for their readiness to develop hypertension (Okamoto and Aoki 1963) , it is crucial to mention here that differences in emotional reactivity between normotensive WKY rats and hypertensive SHRs (Whitehorn et al. 1983) , and normotensive LEW rats and hypertensive SHRs (Ramos et al. 1998) , are fully independent from blood pressure differences.
Following the observation of genetic differences in the behavioural responses to citalopram on exposure to an elevated plus-maze test, we then measured: (i) [ 
MATERIALS AND METHODS

Animals
Male rats from the SHR, LEW, and WKY strains (IFFA CREDO, Les Oncins, France), aged 6-8 weeks on arrival either to Bordeaux or to Brussels, were housed 2-3 per cage under constant temperature (22 Ϯ 2 Њ C) and a 12-h light/dark cycle (lights on at 7 a.m.), with free access to food and water. All rats, including those used for microdialysis experiments, were given at least 2 weeks of recovery before the experiments. All rats were used only once, and all experiments were carried out according to the French and Belgian rules on animal experimentation and welfare.
Elevated Plus-maze Tests
The elevated plus-maze was made of Perspex R , with two opposite open arms (45 ϫ 10 cm), and two opposite closed arms of the same size with walls 50-cm high. The arms were connected by a central square (10 ϫ 10 cm). In addition, because the floor surface of the maze was smooth, rubber ridges bordering the open arms (0.5 cm) were added to provide additional grip for the animals. The whole apparatus was elevated 66 cm above a white floor and exposed to dim illumination (70 lux). The testing procedure was similar to that previously described (Kulikov et al. 1997; Ramos et al. 1997) . Thus, between 2 p.m. and 4 p.m., each rat was injected i.p. either with 0.9% NaCl or citalopram (1, 3.3, or 10 mg/kg; H. Lundbeck A/S, Valby, Denmark), returned to its home cage, and placed 1 h later in the central square of the maze, facing an open arm, the order of testing being rotated by treatment and strain.
The number of entries and the time spent in each arm was then video-monitored for 5 min (an arm entry being defined as all four feet in the arm). As usually reported, data related to the behaviours in the open arms, which were calculated as their respective ratio over total (open ϩ closed) arm behaviours, are given as percentages. Note that the aforementioned procedure has allowed us to detect the respective anxiolytic and anxiogenic effects of diazepam and pentylenetetrazole in SHRs and LEW rats (WKY rats were not tested at that time) ).
Analyses of tissue 5-HT and 5-hydroxyindoleacetic (5-HIAA) levels
Following their 5-min exposure to the elevated plusmaze test (see above), all rats were killed by decapitation, and their midbrain, hippocampi, and striata rapidly dissected out on an ice-cold plate. Tissues were initially stored in dry ice before being stored at Ϫ 80 Њ C until analysis by HPLC and electrochemical detection, as described previously (Kulikov et al. 1997; Thorré et al. 1997) . Tissues were then sonicated in 0.4 N perchloric acid (containing mercaptoethanol 1/500 v/v), and centrifuged (15,000g for 10 min). Twenty microliters of supernatant were injected-by means of a Gilson 232 injector (Gilson, Villiers le Bel, France) and a Gilson 401 dilutor-in a reversed phase Spherisorb column (15 cm ϫ 4 mm i.d., C 8 , 5 M ODS; Touzart et Matignon, Courtaboeuf, France) coupled to a glassy carbon electrode set at 650 mV (20 nA) and a Perkin-Elmer LC 4B (Touzart et Matignon) detector. The mobile phase, a sodium phosphate buffer (50 mM, pH 3.5) containing octane sulphonic acid (0.001%), 0.4 M EDTA, and methanol (15%), was pumped at a 0.8 ml/min flow rate. Standard references of 5-HT and 5-HIAA (20 pmol/20 l) and experi-mental samples were compared by means of a Shimadzu C-R5A Chromatopore (Touzart et Matignon) integrator.
5-HT Transporter Binding Assays with [
H]citalopram
These assays, which were performed according to D' Amato et al. (1987) , have been described previously (Kulikov et al. 1997; Durand et al. 1999) . In brief, midbrain, hippocampi, and striata (dissected out from naive rats) were homogenised in 40 volumes of ice-cold Tris-HCl buffer (pH 7.4) and centrifuged (20,000g for 10 min at 4 Њ C). The supernatants were discarded and the pellets washed twice by resuspension in 40 volumes of the buffer and centrifuged. The final pellets were then stored at Ϫ 80 Њ C until binding assays. Then, they were resuspended in a 50 mM Tris-HCl buffer (pH 7.4) containing 5 mM KCl and 120 mM NaCl, and transferred to glass tubes.
The reaction was carried out for 1 h at 25 Њ C in the presence of either nine concentrations of [ H]citalopram (2 nM or 10 nM; hippocampi and striata), i.e., concentrations ranging respectively at the K d and above the B max (data not shown). Non-specific binding (which accounted for 57% of total binding at the K d concentration) was assessed with 10 M paroxetine ( SmithKline and Beecham Pharmaceutical, Harlow, England) . Midbrain saturation curves were established with duplicates whereas hippocampal and striatal studies were performed with quintuplates. All assays were stopped by the addition of cold buffer followed by a rapid filtration through Whatman GF/B glass fiber filters. The filters were then washed twice with the buffer, and entrapped radioactivity counted by liquid scintillation. Protein concentrations were assessed using bovine serum albumin as standard (Bradford 1976 Fresh hippocampi and/or striata from naive rats and rats injected i.p. with either 0.9% NaCl or 3.3 mg/kg citalopram (1 h beforehand) were homogenised in 20 volumes of ice-cold 0.32 M sucrose, using a glass homogeniser and a Teflon pestle, and centrifuged (1000g at 4 Њ C for 10 min). The supernatant was removed and centrifuged at 12,000g at 4 Њ C for 30 min. The resulting P 2 pellet was then resuspended in an identical volume of ice-cold 0.32 M sucrose, and used for reuptake studies according to a methodology slightly modified from Thomas et al. (1987) .
Sample aliquots of 50 l were preincubated for 5 min at 37 Њ C in the presence of 350 l of oxygenated (5%/ 95% CO 2 /0 2 for 30 min) Krebs buffer containing 120 mM NaCl, 25mM NaHCO 3 , 10 mM glucose, 5 mM KCl, 1.2 mM MgCl 2 , 0.05 mM EDTA, 1.3 mM CaCl 2 , 1 mM NaH 2 PO 4 , 0.1 mM ascorbic acid, and 0.06 mM pargyline (glucose, ascorbic acid, and pargyline were made fresh every day). After preincubation, 50 l of [ All uptake assays, which were performed in duplicate, were stopped by the addition of cold buffer, followed by a rapid filtration through Whatman GF/C glass fiber filters. The tubes and the filters were then washed with the buffer, and entrapped radioactivity counted by liquid scintillation. Non specific uptake (e.g., which ranged between 12% and 24% of total uptake of 10 nM [ 3 H]5-HT in the three strains) was determined by means of 10 M fluoxetine (Mediat, Milan, Italy). Protein concentrations were assessed using bovine serum albumin as standard (Bradford 1976) , whereas respective K m and V max values on the one hand, and pIC 50 values (inhibition studies) on the other hand, were calculated by means of Prism (version 2.0; GraphPad, San Diego, USA).
In Vivo Microdialysis Experiments
Microdialysis and on-line analysis of extracellular 5-HT were performed as previously described (Thorré et al. 1997) . Thus, SHRs, LEW, and WKY rats were anaesthetised i.p. with a mixture of 50 mg/kg ketamine/5 mg/kg diazepam and placed on a stereotaxic frame. The skull was exposed, and an intracerebral guide cannula (CMA, Stockholm, Sweden) was implanted just above the ventral hippocampus (coordinates relative to bregma: L ϩ 4.6; A Ϫ 5.6; V ϩ 4.6) (Paxinos and Watson 1986) . Then, a CMA 12 microdialysis probe with a membrane length of 3 mm was connected to a CMA 100 microdialysis pump, and a modified Ringer's solution (156 mM Cl ) was pumped through the microdialysis probe at a constant flow rate of 1 l/min. The rats were then allowed to recover from surgery for an approximate 20-h period. Thereafter, dialysates were collected every 20 min in plastic vials containing 5 l of a filtered antioxidant mixture (52.6 mM Na 2 S 2 O 5 , 100 mM HCl, 0.27 mM Na 2 EDTA).
Six consecutive samples were first collected under a 2-h perfusion through the microdialysis probe with modified Ringer's solution, after which, 1 M citalopram (in modified Ringer) was perfused for another 2 h during which six samples were collected. Thereafter, the modified Ringer's solution (i.e., without citalopram) was again locally perfused for another 2 h, thereby allowing the collection of another 6-sample series.
For the analysis of standard and extracellular 5-HT, a validated microbore HPLC system with electrochemical detection was used (Thorré et al. 1997 ). This system consisted of a Gilson 307 pump (Villiers-le-Bel, France) connected with a UnijetR splitter kit for microbore columns. The column (100 ϫ 1 mm, i.d., C 8 5 m; BioAnalytical Systems, West Lafayette, IN, USA) was coupled directly to a low-dispersion valve of the water-cooled autosampler (Kontron 465; Kontron Instruments, Milan, Italy). The volume of injection was 10 l. The microbore analytical column was coupled to the electrochemical cell through a fused silica capillary tubing (50 m, i.d.) to minimise the dead volume of the system. The Decade electrochemical detector with capillary cell design (Antec, Leiden, The Netherlands) was set at 500 mV (range ϭ 10 pA/V) against a Ag/AgCl reference electrode.
The mobile phase was prepared by adding 30 ml of acetonitrile to 200 ml of a buffer consisting of 100 mM sodium acetate, 20 mM citric acid, 1 mM dibutylamine, 2 mM decanesulfonic acid, and 0.1 mM Na 2 EDTA (pH 5.5). The flow rate was set at 0.7 ml/min yielding a 60 l/min flow rate through the microbore column. A dual channel integration computer program was used to integrate the chromatograms (Kontron MT2; Kontron, Milan, Italy). The limit of detection (signal-tonoise ratio ϭ 3) was 0.3 fmol.
Statistics
All values are given as mean Ϯ SEM. Behaviours in the open arms of the elevated plus-maze, which were expressed as percentages of total (open ϩ closed) arm behaviours (Pellow et al. 1985) , did not obey normality rules and were thus analysed by a non-parametric Kruskal-Wallis ANOVA followed by Mann-Whitney tests. All other data were compared by parametric ANOVAs, including with a repeated factor (extracellular 5-HT levels over time) that were followed, if significant, by Tukey's multiple comparison test. For microdialysis data, the average of basal extracellular 5-HT levels (six samples/rat), not corrected for in vivo recovery, was set at 100%; in addition, due to high heterogeneity of variances, all microdialysis data were log-transformed prior to the ANOVA.
RESULTS
Behavioural Effects of Citalopram (1-10 mg/kg, 1 h beforehand) in the Elevated Plus-maze
The percent number of visits to, and time spent on, the open arms varied within rat groups (H ϭ 53.9, p Ͻ .0001, and H ϭ 54.8, p Ͻ .0001, respectively). Vehicleinjected SHRs displayed more of these behaviours in the open arms, compared with their respective (vehicle-injected) LEW and WKY counterparts. With regard 
The animals were treated with 0.9% NaCl or citalopram 1 h before a 5-min elevated plus-maze test. Data are the mean Ϯ SEM values of 12 rats/treatment/strain. a p Ͻ .01, b p Ͻ .001 compared with the WKY strain (note that LEW rats differed also significantly from SHRs, except for closed arm entries). For clarity, inter-strain differences are only shown in 0.9% NaCl-treated rats.
c p Ͻ .05, d p Ͻ .01 compared with 0.9% NaCl (citalopram 0).
to citalopram pretreatment, it decreased the percent time spent on open arms in SHRs only, such an effect being yet maximal with the lowest dose of citalopram (Table 1) . Of note is the observation that open arm behaviours in WKY rats injected with the highest dose of citalopram tended paradoxically to increase (Table 1) . The number of closed arm entries was affected by both the rat strain and the dose of citalopram administered (F(2,132) ϭ 5.4, p ϭ .0057, and F(3,132) ϭ 5.3, p ϭ .0018, respectively). Lastly, the total number of entries in open and closed arms was found to vary with the rat strain (F(2,132) ϭ 22.8, p Ͻ .0001) and the pretreatment (F(3,132) ϭ 4.3, p ϭ .0061), with a significant interaction between both variables (F(6,132) ϭ 2.4, p ϭ .0314): thus, on the one hand, vehicle-injected SHRs performed more arm entries than their respective LEW and WKY counterparts, whereas on the other hand, citalopram decreased that variable in a dose-dependent manner in SHRs and LEW rats, but not WKY rats (Table 1) .
Effects of Citalopram (1-10 mg/kg, 65 min beforehand) on Central 5-HT and 5-HIAA Levels Figure 1 and Table 2 depict respectively the effects of citalopram on serotonergic cell bodies (midbrain) and nerve terminals (hippocampus, striatum). In midbrain, 5-HT and 5-HIAA levels were affected by the pretreatment (F(3,74) ϭ 7.7, p Ͻ .0001, and F(3,74) ϭ 27.5, p Ͻ .0001, respectively), with citalopram increasing significantly 5-HT in SHRs and WKY rats, and decreasing 5-HIAA in all strains, in either a dose-dependent (LEW and WKY rats) or a dose-independent (SHRs) manner (Figure 1) .
Neither in hippocampus nor in striatum did citalopram pretreatment affect 5-HT levels, although trends towards increases could be noted in rats injected with the two highest doses. With regard to 5-HT levels, these varied in the hippocampus, but not the striatum, in a strain-dependent manner (F(2,74) ϭ 10.7, p Ͻ .0001; Ta- ble 2). As concerns 5-HIAA, both the rat strain (F(2,74) ϭ 9.8, p ϭ .0002) and the pretreatment (F(3,74) ϭ 8.1, p Ͻ .0001) affected hippocampal 5-HIAA levels, whereas in striatum, only did the pretreatment (F(3,71) ϭ 14.1, p Ͻ .0001) and the strain ϫ pretreatment interaction (F(6,71) ϭ 3.1, p ϭ .0102), show significant influences.
In confirmation, post hoc tests revealed that vehicleinjected WKY rats displayed lower hippocampal 5-HIAA levels than their SHR counterparts, but higher striatal 5-HIAA levels than their SHR and LEW counterparts (Table 2 ). In addition, citalopram-induced reduction in 5-HIAA levels were almost dose-dependent in each brain region, with the hippocampus of SHRs and the striatum of WKY rats being the most sensitive regions ( 
H]5-HT Reuptake
Citalopram caused a concentration-dependent, but strain-independent (see below), inhibition of 10 nM [ Neither in hippocampal nor in striatal synaptosomes did the ANOVAs reveal a significant strain effect on K i ; actually, such a lack of a genetic influence extended to the basal level (i.e., without citalopram) of 10 nM [ 3 H]5-HT reuptake on hippocampal and striatal synaptosomes, thus confirming above mentioned data.
In Vivo Effects of Citalopram (1 M) on Hippocampal Extracellular Levels of 5-HT
To determine whether the lack of a strain-dependent difference in the in vitro SSRI effect of citalopram applied to in vivo conditions, we then examined, by means of intrahippocampal microdialysis, the influence of a local citalopram perfusion on extracellular 5-HT levels. When extracellular 5-HT concentrations (i.e., absolute values in fmoles) were first taken in consideration, it was found that baseline levels, as assessed through the first 2 h of collection, were different between strains (F(2,10) ϭ 8.0, p ϭ .0083). Thus, these levels were higher in LEW rats (19.4 Ϯ 6.5 fmol/20 min) than in SHRs (5.3 Ϯ 1.5 fmol/20 min, p Ͻ .01) and WKY rats (5.5 Ϯ 1.5 fmol/20 min, p Ͻ .01).
In keeping with such a difference, the respective 2-h effects of citalopram and Ringer perfusion on extracellular 5-HT levels were analysed as percent increases from baseline levels (first 2 h of collection). As shown in Figure 3 , collection time had a significant influence in Figure 2 . In vitro effects of citalopram (1-1000 nM) on 10 nM [ 3 H]5-HT reuptake into hippocampal synaptosomes from SHRs (A), LEW (B), and WKY rats (C) and striatal synaptosomes from SHRs (D), LEW (E), and WKY rats (F). Each value is the mean Ϯ SEM of three assays. The K i was found to be respectively 23.81 Ϯ 2.4, 25.39 Ϯ 3.66, and 17.62 Ϯ 0.77 nM (A, B, and C, respectively), and 17.13 Ϯ 3.5, 18.87 Ϯ 2.3, and 19 Ϯ 2.2 nM (D, E, and F, respectively). all strains (F(12,48) ϭ 14.4, F(12,36) ϭ 4.7, and F(12,36) ϭ 8.8 in SHRs, LEW, and WKY rats, respectively, at least p Ͻ .001], with citalopram increasing significantly relative extracellular 5-HT levels in all rats (Figure 3) .
Although citalopram-elicited increases in extracellular 5-HT tended to be higher in SHRs, as compared to the other strains, neither the strain factor nor the strain ϫ time interaction had significant influences. Confirmingly, the respective areas under the curves during citalopram perfusion were not significantly different between strains (data not shown). Of note is the observation that the maximal increases in extracellular 5-HT levels (628 Ϯ 121%, 461 Ϯ 213%, and 429 Ϯ 135 % in SHRs, LEW, and WKY rats, respectively; Figure 3 ), which were observed 60-80 min after the onset of citalopram, showed high variability in LEW rats. When expressed as absolute values (35.6 Ϯ 8.3, 58.8 Ϯ 9.1, and 20.8 Ϯ 4.3 fmol/20 min in SHRs, LEW, and WKY rats, respectively), the maximal increases in extracellular 5-HT levels were found to differ only between LEW and WKY rats (p Ͻ .01), in agreement with the high baseline levels observed in LEW rats, compared with SHRs and WKY rats (see above). Lastly, citalopram effects on dialysate 5-HT were reversible, as the replacement of citalopram by Ringer's solution allowed extracellular 5-HT levels to return progressively toward baseline levels in all strains (Figure 3 ).
Ex Vivo Effects of Citalopram (3.3 mg/kg, 1 h beforehand) on [ 3 H]5-HT Reuptake (10-200 nM) into Hippocampal Synaptosomes
These experiments were aimed at detecting putative SHR/WKY differences in the ability of systemically administered citalopram to inhibit 5-HT reuptake. As shown in Table 4 , citalopram pretreatment increased in a strain-independent manner V max (F(1,12) ϭ 4.9, p ϭ .046) and K m (F(1,12) ϭ 13.8, p ϭ .003) values, with the respective increases in K m values (89-101%) being predominant over V max increases (17-26%), as expected for competitive inhibition.
DISCUSSION
Strain-Related Differences in the Behavioural Effects of Citalopram
On acute administration to rodents, SSRIs display anxiogenic (Chopin and Briley 1987; Handley and McBlane 1993; Griebel et al. 1994) , anxiolytic (Jackson et al. 1995; Sanchez 1995; Schreiber et al. 1998 ), or no effects at all (Lightowler et al. 1994 ) depending on the dose and the anxiety model used. With regard to the rat elevated plusmaze test, principal component analyses have indicated that anxiety is inversely correlated with the percentages of the number of visits to, and time spent on, the open arms, the latter variable being actually the most indicative (File 1991; Cruz et al. 1994; Ramos et al. 1997) . On the other hand, closed arm entries are related to locomotor reactivity, whereas the total (open and closed) number of arms visited is affected both by anxiety and locomotor reactivity levels (File 1991; Cruz et al. 1994; Ramos et al. 1997) .
In the present study, citalopram pretreatment reduced the percent time spent on open arms by SHRs whereas in the two other strains, baseline levels of open arm behaviours were so low (thus confirming that these strains are highly anxious, compared with SHRs) that the anxiogenic effects of citalopram, if any, could not be detected.
The number of closed arm entries was reduced by citalopram in a dose-dependent manner in SHRs and LEW rats, but not in WKY rats. In SHRs, it is noteworthy that citalopram elicited its maximal anxiogenic effect at a dose (1 mg/kg) which did not affect locomotion, thereby indicating that citalopram-elicited anxiety and hypolocomotion are two independent behavioural dimensions. As far as WKY rats are concerned, the present experiments confirm that this strain of rats displays low locomotion; however, contrarily to open arm behaviours, their numbers of closed, but also total, arm visits should have been sufficient enough to detect citalopram-elicited reductions in these numbers.
It remains to know whether such a lack of effect of citalopram on the number of closed and total arms visited by WKY rats is drug-specific or extends to other hypolocomotor drugs. It this context, it is noteworthy that on acute, but not repeated administration, WKY rats are resistant to the anti-immobility effect of the nonselective 5-HT reuptake inhibitor, imipramine, in the forced swim test (Lahmame et al. 1997) . In the latter case, serotonergic, but also noradrenergic systems may be involved as WKY rats (and SHRs) are resistant to the antiimmobility effect of the noradrenaline reuptake inhibitor desipramine (Lahmame and Armario 1996) . In the present study, the possibility that the resistance of WKY rats to citalopram-elicited hypolocomotion involves the failure of the drug to reach serotonergic neurones and/ or to inhibit 5-HT reuptake was then examined.
Strain-Related Differences in the Effects of Citalopram on Central 5-HT and 5-HIAA Levels
Pretreatment with 1-10 mg/kg citalopram, i.e., doses that increase extracellular 5-HT levels in different brain regions with maximal effects, 1 h after systemic administration (for example, Invernizzi et al. 1992; Hjorth 1993) , increased in a dose-dependent manner midbrain 5-HT levels in all strains, either to significant (SHRs and WKY rats) or to non significant (LEW rats) extents. In addition, the reductions in 5-HIAA levels were already maximal with the lowest dose of citalopram in SHRs (as revealed by the lack of statistical difference between citalopram-treated groups), an observation that could be extended to hippocampal 5-HIAA levels. In striatum, however, it was observed that the WKY rat strain was that which displayed the highest sensitivity to the inhibitory effects of citalopram on 5-HT metabolism.
Taken together, all these data indicated that WKY rats were actually sensitive to the inhibitory effects of citalopram on 5-HT metabolism, as opposed to the behavioural effects of the SSRI. Such an observation yet allowed us to reject the above mentioned hypothesis that citalopram did not reach its direct serotonergic targets in WKY rats. It is noteworthy, however, that tissue 5-HT and 5-HIAA measurements were conducted in rats submitted to a 5-min elevated plus-maze test; because such a paradigm may affect both reuptake and release processes (File et al. 1993) , the possibility that the amplitude of citalopram-elicited changes in tissue 5-HT and 5-HIAA levels would be different in naive animals is to be considered.
In keeping with our knowledge on the mechanisms through which SSRIs reduce 5-HIAA levels on acute administration, genetic differences in the direct (5-HT reuptake) and indirect (nerve firing, 5-HT autoreceptors, 5-HT turnover and metabolism) targets of citalopram may underlie the above mentioned results. Indeed, the 5-HT transporter and reuptake data presented below do not support the hypothesis of genetic differences in that target. On the other hand, data related to genetic differences with regard to the indirect targets of citalopram are either lacking (nerve firing) or scarce (5-HT autoreceptors, 5-HT turnover/metabolism).
As far as 5-HT autoreceptors are concerned, SHRs display a higher number of medullary [ 3 H]8-hydroxy-2-(di-N-propylamino)tetralin binding sites than WKY rats (Huguet and Brisac 1991) . However, it is unknown whether such a strain-related difference in 5-HT 1A autoreceptor numbers in the medulla is functional, and if so, whether it extends to the MRN. Beside, midbrain 5-HT 1A autoreceptor number and midbrain 5-HT 1A autoreceptor-mediated inhibition of 5-HT turnover were reported to be equivalent between SHRs and LEW rats (Kulikov et al. 1997) .
Data regarding putative strain-related differences in other 5-HT autoreceptors (5-HT 1B , 5-HT 1D ) are scarce too. One study, aimed at comparing SHRs and WKY rats of three different ages, reported that neither the strain nor the age of the rats affected the evoked release of [ not 14-week old SHRs, compared with age-matched WKY rats, with the former strain difference vanishing when the DRN was examined (Koulu et al. 1986a, b) .
Strain-Related Differences in 5-HT Transporters and 5-HT Reuptake
By means of [ 3 H]citalopram binding at 5-HT transporters, we have previously reported that the number of hippocampal, but not midbrain, 5-HT transporters was higher in SHRs than in WKY rats (Durand et al. 1999) . On the other hand, neither in midbrain nor in hippocampus did SHRs differ from LEW rats (Kulikov et al. 1997 ). The present study confirms these results and extends our knowledge to striatal 5-HT transporters, the number of which did not significantly vary among strains. Besides the observation that the rank order in the regional densities of 5-HT transporters (midbrain Ͼ striatum Ͼ hippocampus) is in agreement with past data (D'Amato et al. 1987; Hrdina et al. 1990 ), our analyses of midbrain 5-HT transporters contradict the report according to which 5-HT transporter number, as assessed by means of [ 3 H]paroxetine binding, is higher in WKY rats than in SHRs (Gulati et al. 1993 ). Protocol differences (ligand, substrains) could underlie such a discrepancy. Lastly, the observation that only in hippocampus did WKY rats display decreased [ (Blakely et al. 1997 (Blakely et al. , 1998 rather than genetic differences in the expression of the 5-HT transporter gene.
With regard to the difference in hippocampal [
3 H]citalopram binding between SHRs and WKY rats (and which warrant further studies by means of saturation experiments), we then examined whether this difference was functional or not, as assessed by means of synaptosomal 5-HT reuptake. As an internal control, striatal synaptosomes were also assayed in that study. It was found that the strains did not differ with respect to V max and K m values of hippocampal [ H]5-HT reuptake underlines the key functional role of posttranslational regulators, as strikingly emphasized in mice bred from 5-HT transporter-deficient mice and control mice. Thus, although in homozygous 5-HT transporter-deficient mice, cerebral 5-HT transporter binding and 5-HT reuptake are absent, in heterozygous mice, the expected 50% reduction in 5-HT transporter binding was associated with a 100% efficient 5-HT reuptake .
5-HT Reuptake Inhibitory Properties of Citalopram in the Three Strains
In vitro, it was found that citalopram exerted its 5-HT reuptake inhibitory property with similar potency in the three strains. Although such an in vitro potency (17-25 nM) was almost similar to that reported in cortical synaptosomes (K i ϭ 11.2 nM) (Wong et al. 1991) , it was one range lower than that reported using whole brain (K i ϭ 1.5 nM) (Hyttel 1982) or hypothalamus (K i ϭ 2.6 nM) (Thomas et al. 1987) (Daws et al. 1998) and dopaminergic (De Deurwaerdère et al. 1996) transporters, targets for which citalopram shows weak affinity (K i ϭ 5. 75 and 36 .61 M, respectively) (Hyttel 1982) . Whatever the nature of that citalopram-resistant portion, our results show that the three rat strains differed neither with respect to the SSRI property of citalopram (as indicated by the respective K i s) nor with respect to that citalopram-resistant portion (as indicated by the respective lower plateau levels).
The suggestion, based on in vitro data, that the SSRI potency of citalopram is similar between strains, especially between SHRs and WKY rats, was apparently reinforced by microdialysis and ex vivo experiments in the hippocampus. The continuous monitoring of extracellular 5-HT levels in the ventral hippocampus of conscious rats revealed reversible citalopram-induced increases in dialysate 5-HT in all strains, their amplitudes being similar to those observed in the hippocampus of other rat strains (Sharp et al. 1989; Invernizzi et al. 1995) . In fact, these intrinsic increases, as assessed by the percent rises from baseline levels, did not vary significantly between strains although in SHRs dialysate 5-HT levels tended to rise sooner and to a higher extent during 1 M citalopram perfusion.
On the other hand, it was found that strains differed significantly with respect to baseline 5-HT levels, with LEW rats displaying much higher levels than the other strains. Indeed, a review of all the data available so far in other strains such as the Wistar or the Sprague-Dawley rat strains indicates that baseline hippocampal levels of 5-HT approximate 2-5 fmol/20 l. In turn, this observation indicates that the present strain-dependent differences in baseline 5-HT levels may be accounted for by high levels in LEW rats rather than low levels in the other two strains.
Previous data obtained either in rats lesioned with the serotonergic neurotoxin 5,7-dihydroxytryptamine or in rat strains differing for their rates of 5-HT uptake have indicated that baseline extracellular 5-HT levels are independent from rates of 5-HT uptake and/or tis-sue 5-HT levels (Romero et al. 1998) . This was also true in the present study as the high baseline extracellular 5-HT levels in the hippocampus of LEW rats could not be explained by genetic differences in tissue 5-HT or [ 3 H]5-HT reuptake. Because baseline extracellular 5-HT levels depend also on the firing rate of serotonergic neurons (and then release of the amine) and neuronal and glial monoamine oxidase activities, either mechanism could be responsible for such a characteristic of LEW rats. However, as 5-HT reuptake inhibition by 1 M citalopram in LEW rats promoted the largest increments in absolute, but not in relative (percent changes) 5-HT levels, any explanation based on differences in release rate and/or monoamine oxidase activities is rendered unlikely. This paradoxical finding may thus be accounted for by either subtle, albeit undetectable, genetic differences in innervation, firing and release rate, reuptake and/or monoamine oxidase activities (the sum of which leads to the aforementioned results) or by the experimental setting (local inflammatory processes and/or incomplete recovery from surgery in LEW rats).
The first explanation may also hold true for the net effect of citalopram in SHRs: when compared with WKY rats, both absolute and relative citalopram-elicited increases in extracellular 5-HT tended to be higher in SHRs, although neither baseline levels of 5-HT, nor the in vitro and ex vivo (see below) SSRI properties of citalopram, differed between these two strains. On the other hand, microdialysis data would fit with the interstrain difference in hippocampal [3H]citalopram binding (SHR Ͼ WKY rat), thus raising the crucial question of the respective physiological relevance of protein binding assays on the one hand, and synaptosomal 5-HT reuptake assays on the other hand.
Lastly, the ex vivo effect of systemically administered citalopram on hippocampal [ 3 H]5-HT reuptake was assessed in the two strains showing the most divergent behavioural and neurochemical responses to the SSRI, namely SHRs and WKY rats. Our ex vivo results do strongly suggest that citalopram is equipotent in WKY rats and SHRs, indicating a lack of genetic variability in drug concentrations reaching their target on systemic administration.
Do Strain-Related Differences in the Behavioural Responses to Citalopram Involve Pre-and/or Postsynaptic Mechanisms?
Taken together, the aforementioned in vitro, in vivo and ex vivo experiments indicate that the behavioural insensitivity of WKY rats to citalopram does not depend on the primary effect of the drug, i.e., 5-HT reuptake inhibition. Thus, compared with the strain displaying the highest behavioural sensitivity to citalopram, namely SHRs, WKY rats either did not differ (in vitro and ex vivo synaptosomal preparations) or differed slightly (in vivo microdialysis) with respect to the SSRI property of citalopram. In the latter case (microdialysis), the results suggest that although a genetic difference in 5-HT transporters could play a role, this is likely to be of minor importance, as revealed by the inter-strain comparison of citalopram-elicited increases in extracellular 5-HT levels.
In keeping with the behavioural observations, all these results favor the hypothesis of a genetic difference in the indirect (i.e., secondary to reuptake blockade) stimulation of postsynaptic receptors by citalopram. This could involve differences in 5-HT release and/or sensitivity of postsynaptic receptors, at least those that mediate citalopram indirect effects on anxiety and locomotor reactivity. In keeping with the great number of serotonergic receptors that are known to modulate anxiety-and activity-related behaviours (Griebel 1995) , any suggestion as to the identity of the receptor(s) involved therein is premature.
